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ABSTRACT . . • . 

Increasing the level of educational attainaent of the 
population eay not always. increase the social benefits for those who 
receive J:he education. In fact, when a high percentage of the 
population attains a certain level of education, that attainaent 
ceases to providiR socioeconoaic benefits; instead, those faw who have 
not reached «that educational .level„i^lnd theaselves snffeiciag fcoa 
socloeponoeic liabilities^ Spie of the relationships betweeu 
edttcatiohal;. attainaent and socioeconoaic benefits' are explored in the 
two satheaatic^al aodels Aiscussed in this papers Zhe Aggregate (lodel 
rests upon idealized noraal distributions of benefits end educational 
a^,talhsent within a aeritocratie sbciety. The Probabilistic Utility 
Hodel assuses'sore flexibly distributions. The aodels indicate that, 
at least in theory, educational policies that sees to proaote equity 
iay in fact cause socioeconoaic hardships and diseguilibriaa. 
(Author/PGD) °. 
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THE SHIFTING SOCIAL BENEFITS AND LIABILITIES 

OF EDUCATIONAL ATTAINMENT^ . - 

A» Introduction 

^Conventional wisdom, along with aspects of economic theory,, ha^ it that 
as the level of educational attainment in society increases' so does the 
aggregate and individual social benefits fot those attaining the more advanced 
educational levels* this reflects, in great measure, the cherished 'joerican 
belief in the efficacy x>f educational cttainment: educational attainment pays. 
Recently, this proposition has been thrown into serious doubt. 

Raymond Boudon^s models of inequalrity of .educational and social 
opportunities suggest that educational growth has the effect of increasing 
economic inequality, assuming that income is dependent upon educational 
aCtainnent. Boudon warns that we should not expect the development of the 
educational system to have positive effects upon economic equality. The effect 
Is more likely to be a negative one and the^rowth of the educational system 
m^y. be to some extent .responsible'' for the **persistence of economic inequ^ility** 
in certain Western Industrial sonleties^ 

, Boudon's models also suggest that as inequality of educational 

opportunity decreases, the educational system expands and that this expansion 
leads to increased inequality of social opportunity. While the average level 
of educational attainment in the population increases, the educational levels 

a 

that are associated with particular status expectations are ''simultaneously 
noying^upwaxd/' individuals demand more and more education aver time, 



• ^ . - ■ . • 

the Individual return .tends to be nil while the aggregate returii on this 
demand is high. The lower socioeconomic classes are compelled to demand more 
education., for not to do so .condemns them to constantly falling social status 
expectations. However, more educational demand only retards this diminution in 
status and does not increase the lower classes^ chances of achieving increased 
social status. Educational attainment becomes socially compulsory. 

Lester C. Thurow reaches some ot the same conclusions from a different 
perspective. He uses a "wage competition** nri^del (in contrast to the standard 
"job competition" model) to explain why the distribution of education in the 
American population has moved in the direction of greater equality since 1945 
while"^ the distribution of income has not followed suit. His empirical data 
and job competition^model illufitrate the way in which educational attainment 
becomes a "defensive necessity." According to Thurow* s , analysis, the more 
rapidly the class of educated labor grows, the more such "defensive 
expenditures" on educational attainment becomes imperative. Rather than depend 
upon educational programs Xo stimulat.d more social equity, Thurow would 
initiate a "frontal attack on wage differentials."^ 

These two analyses guggett that there might be something inherent within 
the structure and loigic of th.e educational system itself Which mitigates 
against a concomitant increase in economic/social equity^ with increasing 
educational attainment and which makes educational attainment socially . 
compulsory. It is this "inherent some^lng" that I explore in this paper. 

What Boudon and Thurow lack, and which is now available, is a 
comprehensive account of the logic and behavior of national" educational 
systems.^ This paper explores just how the growth of the educational system. 
In and of Itself, affects the relationship, between educational and social 



'attainment* I develop two loglco-mathenatical models which illustra^te the 
interaction between. two systemic laws of behavior and a normative principle 
connecting the social and educi^tional systems*^ 

The remainder of this Part is devoted to an explication of the systemic 
laws and normative *pl:inciple# Part II presents the Aggregate Model. and Part 
III develops the'Probabilistic Utility Hp4el. Mjf aim. is to render in a * 
quantitative manner aspects of a conceptual descriptive/explanatory theory of 
the educational system* I want to examine the power that sys'temic growth has 
over the relationship between ^educational aqd social attainment* 



r— ■ — ' ^ , - 

A student who leaves school in the middle of the school year" in one part 
of the country and who enters the same grade in a distant part of the country 



can generally find nearly identical curricula, procedures apd facilities^ 
Clearly, some kind of system exists* It is useful to distinguish between a 
system of education , which comprises all of the many ways a society'^^ducates 
and socializes its citizens, and an educational system , which satisfies the 
primary and secondary properties described below* 

The educational system^s primary features are threefold* First , the 
system is composed of schools and colleges, but not all schools and colleges*- 
Second , these schools and colleges are related' by a "medium of exchange" which 
incudes those certificates, degrees, diplomas, lettiers of recommendation and 
the like, which allow persons to leave any level of the system in one locality 
and enter the same level in another* They are all -instruments by which 
•activities carried out in one place can be recognised and "exchanged" for ^ 
similar activities of a school or college in, some other place*- 

Third , by "educational system," I mean those schools an^ colleges that 
are connected 'by a medium of exchange and that are arranged by thet Principle 
of Sequence* The principle states that these schools and colleges are 
organized into levels^ so that if a person has attained (i*e*, completes) level 
N, then he or she, has attained level M-1, bat not necessarily level N+l* This 
principle allows us to ^peak of persons progressing through the system^'and 
appears to be a necessary property of any educational system due, in part, to 
differing levels of skill accomplishment, knowledge acquisition, cand cognitive 



development of individuals. Completing a level of the educational system is 
what i mean by educatiortal^^att^lttment at that level* , 



In addition t^hese primary/ elements, the educational systeaa has three 
secondary or derivative Vroperties# The sys'jtem will have a definite size, a 
system of control , and will create a distribution of educational goods and 
second-order educational goods. Tl^e perspective" for this analysis is a dis- 
tributive one that includes the notion of systemfc size. I will not consider* 

the system of control f»t this formal level of analysis. - 

' ' ' ^ ' * ^ • ' * ^ 

Every society rnakes some arrangement for the/ distribution of its goods'"* 

(i#e#, benefits). The educational system distributes educational goods such as 

knowledge i skills, and certain kinds of taste. In addition to these goods, theV 

educational system distributes their surrogates, called second-order 

educational goods , such as grades, diplomas incl certificates. Some persons, 

because of their greater ability (however it Is defined within the system), 

tenacity, and* acuity of choice, will come/^tli possess.a larger share of ' 

edacational goods than otfier persons. If it is the case that nonredufcatidnal 

social goods 3uch as income, earning opportunities; status and the like are — 

distributed by the socioeconomic system on the basis of the distribution of 

educational goods 'through the instrumentality of second-order educational 

goods), then there exists a riormative principle that links the educational and 

*• « • 

socioeconomic systems..^ 

* ' » * t ' 

This norma^}fe_principle can W rendered as: "those having a greater 
share of educational goods* merit or ^'deserve a greater share of ^lon-educationat 
social ^oods." The powe/ or strength of tWs'normative principle can be vl^ewed 
as a function of the size of the educational system. For the purposes of this 
analysis, size is tak-^k to be the attainment ratio - at the twelf th' leve^ of the^ 



c 



system: the percentage of 17- or 18~year-olds attaining the high school - 
diploma*^ 

When. the system is small (say / 10% attainment ratio), the socioeconomic 
rewards of high school attainment are likely to be quite negligiblet For 
example, the high school diploma is not likely to be used as a screening 
prerequisite for job entry. In the aggregate, high school attainers do not 
monopolize economic opportuni tie's simply because of attainment. Thus, the 
strength of the normative principle is low. To be a high school dropout when 
90% of your age-coKort drops out presents no serious personal or social 
problem. 

As the size of the educational system increases, the strength of the 
normative principle also increases, in part, because employers begin to 

o 

utilize high school attjainment as a selection criterion. There are, howeyer, 
logical constraints oon the strength of this principle. When all 17-year-olds 
attain the high school diploma (100% attainment ratio), its mere possession 
cannot guarantee socioeconomic advantage for anyone in this group. This is due 
to the tautological Law of Zero Correlation, which is necessarily true^ at any 
level of the educational system where the attainment ratio is 100%' (or 0%). 
The. Law states that: "There is a point in the growth of the system at which 
there Is no longer any correlation between educational attainment and either 
the distribution of educationally relevant attributes in the population or the 
distribution of non-educational social goods ordinarily associated with 
educational attainment." * * ^ ^, 

This law makes a logical claim and not an empirical one. In order for' 
there to be a correlation between any two variables, both must be distributed 



in the p9pulatlon under consideration. If one of these variables ts Mnifonrvly 
distributed/ no correlation can occur* For instance, a society v**.oufd not ' * - 
distribute any of its goods based upon eve color if everyone had green eyas* 
Thus, an ^(empirical claim is not only unnecessary, it is> Inappropifiate* It is 
equally Important to nota that the Law of Zero Correlation* makes a claim about 
educational attainment and not ab^ut educational achievement, which is another 
matter/ altogether* ' ^ ' 

Ohe corollary of the Law of Zero Correlation, the Caw of Shifting Benefit?^ 

/ ' ^ - ' \ ^ 

and Liabilities, assures that high school attainment will have a declining 

social value and th^t, concomitantly, a failure to attain the high school 

diploma will have an Increasing social liability, as the high school 

attainment ratio moves toward the zero correlation point* Thus, as zero 

correlation Is approached (at lOOZ attainment), the aggregate social benefi^^* 

associated with high school attainment decline for members of the attainment 

group and the aggregate social llabllttl^es of non-attalnraent Increase* These 

notions are Illustrated In Figure 1* - ^ 
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Figure 1» Social Benefit and Liability Curves and a Hypothetical 
Uniform Growth Line of the High School Attainment Ratio', 
(adapted from Green, op» cit », Figures '6*1, 6.2, 6*3) 
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In Figure 1, the horizontal axis represents 100 years of tlrae^ The solid 
line, "High School Attainment Ratio," represents the assumption that the « 
' ' ' educational system grows at a uniform rate of lOyper decade. The dotted 
curve,* "Social Benefits o£ Attainment," represefits the strength of 
secpnd-ocder educational goods^ Itj vgecuring non-educational social goods At 



• * points «A and B, this strength must > be zero, due to the Law of Zero 

. 

Correlation. These two points are conceptually derived, while the actuaJ. shape 

""/ot the -benefit curve is a contingent matter. As the attainment ratio increases 

>^ from OX to I'OOZ, the benefit curve, rises until it. peaks and then declines to 

zejro* This illustrates how* the *power of the normative principle increases and 

' ^ 'then decreases, although the~ personal and social belief in it (i.e., the 

eff^icacy of educational attainment) may remain steady* 

The other side. of the benefit-liability coin is the social liability 

associated with systemic growtho The dashed curve in Figure I, "Social 

•» 

Liabilities of Attainment," represents the conjecture that at the lower 
• » • • • 

attai^iment ratios, not having a diploma is not a serious problem. However, as 
more and. more of the age-cohort attains the twelfth lei^el of the system, 
non-attainment becomes an increasing liability. _Even though the benefits once 
associated with, the high school diploma begin to decline, the liabilities of ^ 
not having it increase.' The precise shape of this liability curve is a 
contingent matter; that it rises is the point I wish to make.^ 

Figure 1 exposes a peculiar paradox. As zero correlation is approached, 
^ / the aggregate social benefits once associafied with high school attainment 

decline and the aggregate social liabilities of non-attainment increase. Where 

fi »>»* ' ^ 

high school attainment was once a highly sought after gcfod, it now becomes a 

^ ' • * ' 

" ^tfecesBity to be endured. , Where school leaving war once a possible and viable 



cdnsideraticn^ it now bepomes an evil to be avoiued at' all costs* tlKese * 
shifting benefits and liabilities make high school attendance^and attainment* 
Increasingly compulsory in ways that were surely never meant td he. The 
personal and social consequences of such a situation can be devastating* 

The central point here is that schooling is compulsory because it is 
(nearly) universal and not universal .because it is compulsory. Historical data 
support this ciaim*^ The American system appears to have- reached the point 
of declining benefits, and suspect that<if all compulsory attendence statutes 
were repealed today, schooli\ig would be just cvnpulsory tomorrow* Schooling 
has become defensive*^ \ . . . 

This analysis can help to shed light on two Interesting phenomenon: 1} 
the growing Hisparity between high school attainer and non^-attainer job entry- 
level income over tine, despite the increase in the a.talnraent ratio and 2) a 
constant U*S. high school attainment ratio of about 75% since 1S65* To help 
illustrate these phenomena, I utilize a logi co-ma thamatical model that 
generates data derived deductively from the properties of a mathematical 
distribution. I call this the Aggregate Model since the focus is on the 
aggregate social benefits and liabilities of educational attainment. 
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THE AGGREGATE MODEL AilD APPLICATIONS 
A* ^The Moael . - - 

The following Aggregate Model rests upon three Idealized assumptions: 

i« non-^educatlonal social benefits are always* normally distributed 
in the.jpopulatlon under, consicleration and remain so over time - a 
change in the high school attainiient ratio does not affect the overall 

^ normal shape of this distribution; 

2* this distribution, encompases those wt^>a have attaitiel the high school 
diploma, but who have not gone on in formal schooling (attalners), and 
those who have not attained the^high-school-diploma^Xtipn^^ 

3* society allocates its social benefits in such a way that i:he attainers 
monopolize the upper end of the noimal distribution. 

The first assumption f ixos the overall shape, of the distribution and 

offers a particular view of distributee! justice. Perhaps this distribution 

r^ftdcis^ocia overall normally distributed attribute or attributes in the 



^otal populatix>n under cons iderat ion ."^-As sumptions 2 and 3 t^ll us that the 
^hlgh isidtbol attainers^^^^ be found, is a group, lumped at the upper end of the 
, :3^fltrtbutidn The third assumprtion, which «dll be altered in Part III, repre- 



•ents an o:yerly--t4f^d^meritocce,tic society* 
—--^Theaexithrea-assumfttions^ge. realized in Figure 2, which is a normal 



distribution in standardized normal £iqxn hnving a grand mean (y ) of zero 



and a Standard deviation (a) of one. Each asyiijp^tote is truncated, for computa- 
tional purposes, at 3^9 standard deviations from the mean. The high school 



attalntoiit ratio (^) is represented by the shaded area under the curve. This 
is the proportion of the total population under consideration that has 
attained the liigh school diploma. The medlaif value of nhe social benefits of 
tlthis group is M . . . A • 
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The unshaded portion under the curve is the proportion of the total 
population that has not attained the high school degree. ( J ) and is equal to 
1- The median value of the social benefit for this group is • 




Soc-ia-l-Benef^its- 



Figure 2. Standard j tied Normal Curve Tor the Distribution of Social Benefits 

(♦ «^high school attaivmient ratio; -J-^- non-attainment ratio; 
U = 0 - grand median; u median social benefit for attainer group; 
- median social ' benefit for non-attainer group; 
a = 1 = standard deviation) 



TABLE 1 



Median Social Benefits, Their Di^/erences> and Their Rates of Change 
For Attainer and Non-attainer Groups by High School Attainraea!: Ratio 



(1) 

Si/e of 
Attainment 
Group (♦) 

0.01 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 



0.35 
-O.40- 

0.50 
0 5/ 
0.60 
0.6S 

o.;o 

0.75 
0.80 
0.85 
0.90 
0.95 
0.99 



(2) 
Attainer 
Group 



2.575 
1.960 
1.645 
1.440 
1.263 
1.150 
1.037 



— 0.fl42_ 
0^55- 
0.675 
0.598 
0.524 
0.454 
0.385 
0.319 
0.253 
0.189 
0.126 
0.063 
t).012 



(3) 

Non-Att«iner 

Group 
••edian (uj) 

*0.012 
-0.063 
-0.126 
-0.189 
-0.253 
-0.319 
-0.385 
^^7454 



•0.524 



—0.^98- 
-0.675 
•0.75S 
-0.842 
•0.935 
•1.037 
-1.150 
-1.283 
-1.440 
-1.645 
-1.960 
•2,575 



(4) 

% • 

2.587 

2.023 

1.771 

1.629 

1.536 

1.469 

1.422 
-4^089— 



1.366 



1.350 
1.353 
1.366 
1.369 
.422 
1.469 
1.536 
1.629 
1.771 
2.023 
2.S87 



(5) 
Rate of 
Change 

^of w 



0.2388 
0.1607 
0.1246 
0.1090 
0.1037 
0.0983 - 

0.0995 



0.1060 
0.1141 
0.1217 
0.133t 
0.1520 
0.1714 
0.2069 
0.253C 
0.3333 
0.5000 
0.8095 



(6) 
Rate of 
Change 
of uj 



4.2500 
1.0000 
0.5000 
0.3386 
0.2609 
0.2069 
JL1792 



0.1542 
0.1412 



0.1288 
.0.1185 
0.1152 
0.1105 
0.1091 
0:1090 
0.1157 
0.1224 
0.1424 
0.1915 
0.3138 



-11- 



14 



Note that the attalnVf afia^nou-attnl change, as^a function of 

the attainment ratia. When the ratio (^) is zero^ the non-attainer median i 
equal to the grand median When the ratio approaches its limit of one, 

the attainer median approaches the "grand median and the non-attainer median 
approaches -3.9 standard deviations from the grand median. We can easily 
calculate the values of the attainer and non-attainer medians for different 
values of the attainment ratio#^^Table I shows their values, their differ- 
ences and their rates of change for attainment ratios ranging from O.Ol to 
0.99. Figure 3 is a plot of the attainer and non-attalner medians by the 

4 

attainment 'ratio. 




High School AtUinment R»tio U) 

* 

Figure 3 . Median Social Benefit of Attainer Croup (ji.) ard Non-Attainer 
Group (Mr) by High School/Attainment Ratio' (0 
(from Table* I, ^lunms 2 and 3) 



Bi An Income Disparity Analysis 
' A conventional analysis of high school attalner and non*^attalner Income 

disparities considers whatever is gained by the attalners to be. the magnitude 

i 

cf the liability experienced by the non-*attalners« If, for example, the median 
income^ of the attalner group is 1.50Z of the non-attainer median income (at a 
particular attainment ratio), then the benefit to the former group is 50% and 
the liability to the latter group (in foregone Income and earnings oppor-* 
tunitles, etc.) is 50%« This approach tends to conceal the full impact of the 
shifting benefits and liabilities of educational attainment. 

•Table 1 and Figure 2 jdlsplay aynother ap to . this situation* Here we 

find the difference between the median benefit of the attalner group and the 
median benefit of^HeHintlire^opulation-under consideration_(^^ column 
2)« We do the same for the non-*attainer group (Table 1, column 3). The 
difference between these two grand-*median-*dispersi6n8 Is a measure of the 
relative position of one group with respect to the other (Table 1, column 4)« 

If we think of such social benefits as income, salary and wages, a 
conventioftd supply and demand analysis suggests that as the supply of high 
school graduates increases, the relative social benefits realized V these 
graduates, wlth#respect to those with no high school degree, will decline 
(given a constant market demand for attainers). This is Just what happens in 
the Aggregate Model as the attainment ratio grow£« from 0.01 to 0«50« However, 
as the attainment ratio exceeds 50Z, the relative advantage of the attalners 
o ver the non'^attainers increases* See Figure 3.^^ * 

These-latteruretJLUltiL^qf J:heJlodel are consistent with certain empirical 

findings* Time-series U.S. Census data for 18-* to 2.4-year-old males from 1939 



(when the national high school attainment ratio was 50%) to 1975 display this 
phenomenon* A U.S. Senate report .which examined the incomes of 24*- to 
34«year^old mal&s expressed surprise at the "paradox** of increasing relative 
income for high school attainers over non**attainers« 

The interaction between the Law of Zero Correlation and the Law of 
Shifting Benefits and Liabilities has certain explanatory power when the data 
areexamined as illustrated in the Aggregate Model. The paradox,** cited above^ 
evaporates in light of these systemic dynamics which show the declining 
benefits associated with attainment and the increasing liabilities associated 
with nonrattainment as the zero correlation point is approached. 
C. Stabilization of the High School Attainment Ratio 

What is the meaning of the "intersection** of the benefit and liability 
curves irr'Figure~l'?--Although^the two.^cury.e8 do not_actually intersect (they 
have different vertical .axes)» the **intersection** shown in Figure 1 does 
illustrate certain interactive systemic effects. This **intersection** can be 
viewed as an equiiibrium~point in the growth of the system beyond which it no 
longer pays (in aggregate social benefit' terms) to finish high school but Is 
quite a serious social disaster not to do so. In a way,, it is an aggregate 
recognition of the Law of Zero Correlation and the Law of Shifting Benefits 
and Liabilities. This phenomenon can be illustrated by the Aggregate Model. 

Figure 4 is a plot of tne rate of decline of the social benefits of 
attainment generfited by the model. Note that after an attainment ratio of 0.20 
-fh^-mftdlan ^^^nf df^cUn**' ^ at a fairly constant rate until the high school 
attainment ratio reaches "50Z~At^this-point~-in--the~growth_>of Jrtie_.ed_u c a t iona 1 
systemr^the rate oLdeclineJUicreases and increases sharply at 75% attainment. 
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High School Aculnment (I) 

Figure 4 » Rate of Change of Attalner Group lledian by 
High School Attainment Ratio (from Table 1^ Column 5) 



Figure 5 is a plot of the rate of decline of the non-attalner median. Here 
the median decllnes^at a decreasing rate until 75Z attainment at which point 
-th^, rjULe^ begins Jo_lncrease and^then increases sharply at 80% attainmentT ^ 
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, Figure S # Rate of Change of Ifon-Attainer Croup Median by 
High School Attainment Ratio (from Table l^.Coiumn 6) . 
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Thus, the two curves shown In Figure 3 can be said to contain inflection 

points which occur in the growth of the system where the high school attaifi- 

ment ratio is about 75X, The sta1)ilization of the national attainment ratio at 

around 75Z may be the social recognition of the phenomenon described by the 
model. ^5 

It may be purely coincidental that the inflection points iif the model and x 

X 

the national high school attainnent ratio occur at about 75%. Nevertheless, 
the model does serve to illustrate the phenomenon of systemic "equilibrium" 
reflecting the interactive dynamics between certain systemic laws. The inter- 
action between these laws, offers an account of certain systemic phenomena. 

The behavior of the educational system described" above is based upon 
these systemic features: the Principle of Sequence, the distribution of 
second*^order educational goods and the size of the system as measured by the 
attainment ratio at the twelfth level. Systemic ^behavior was driven by the 
-~E?5?iL_9f logical tautology, its cox. llary and a normative principle linking 

the educational and social systems. It is ironic that the successIuT growth" of - 

the system, a9 measured. by„ an increasing high school attainment ratio, appears 
to sow the seeds of°a particular brand of failure. 
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THE PROBABILISTIC UTILITY MODEL 




4" 


The idealized society reflected in the three assumptions underlying the. 




I ^ 
f 


Aggregate Model is a rigidly meritocratic one. By altering the first and third 






assumptions^ we can build a model that reflects a society that distributes its 






non-educational social goods in a somewhat more flexible manner* Like the 






Aggregate Model » let us assume that the population under consideration is 






dichotomized into thdse who have attained the high school diploma {and nothing^ 






beyond it) and those who have not attained the degree* Furthermore^ let us 






assume two independent normal distributions of social goods, one for the 






attainment group and the otherTEor the non-attainment group* This state of 






affairs is illustrated in Figure 6* 






Now let us assume that both of these normal distributions have identical 




V 

X. ' * 


standard deviations* Thus, we canHiotmaTfze each-of - t-he-dls trlbujtLlons and 




4 


leave them superimposed, one upon the other, on the social benefits axis* Note ' 
that the, relative positioh of the two normal curve means remains unaffected bv 
the standardization Xi*e*, the standardized and unstandardized means remain 
stationary)* These standardized distributions are shown in Figure 6* ^ 






A* The-Standardized Normal .Distributions 

Consldfer the two standardized normal distributions shown in Figure 6, 


* V 




below* Curvet and represent the distributions of earnings opportunities 


f ^ 




of high school attainers and non-attainers, respectively; Both curves have 




?^ 


their -asymptotes truncated, to facilitate the computations to fol^jw, at 3*0 




1 - 


standard deviations above and below their respective ne"ans~of- zero andjre,.__ 
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Figure 6 > Two Overlapping Standardized Normal cguryes 
> • • 

superimposed upon a common axis, X, showing an apparent overlap^ area E: that 
area under both curves which had a common X-axis- range*. 

We let (fi stand for the ratio of high school attainers to the total 
population under consideration and let a stand for "the meritocratic parameter ^ 
This parameter represents tholse in the total population, and in particular 
that proportion ^f distribution X., which monopolizes the highest values vf X. 
It is clear from Figure 6 that this parameter imposes an upper-bound on ti>c 
range of distribuion X* (i.e., I^) and concomitantly places a lower-bound on 

the range of X^ (i.e., Iq). Except where a «0, the ranges of X and X., 

ft - — r~ ^ ♦ 

differ. ^ ^ — ^ 

.Let us assume that despite changes in the size of ^, the original 

non-standardized normal distributions retain their normal shapes and continue 

* i' 

to have identical standard deviations and .unchanged means. The 'X^meah remains 
forever fixed and thus, for any given only a change in a can shift the Xr 
curve. A mean/medium analysis of these curves is presented in Appendix B. 
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Unlike the Aggregate Model, individuals In X (l.e», high school 

\ * 

- attainers) are no longer guaranteed advantage over persons in X- 
non^attainers), with respect to some value of X (level of social benefit). The« 

^question now shifts from one of absolute advantage (as in the Agsregate Model) 
to one of relative advantage. We now ask, what is the probability that an 
individual will be advantaged with respect to X, over changes in ^ and in a? 

The symbols in Figure 6 refer to proportions- and are explained Ip Table 2, 
bel'iw. ^ ' — 

TABLE 2 

PROPORTIONAL VALUES OF SECTIONS III. FIGURE 6 
Section Symbol j Meaning 

► * ^ * 

A (a) The proportion of the* population which is, in x., 

and which monopolizes the /nighi>st X values. This ^ 
is the value of the meritocratic parameter. 

B (1-a) The proportion of the population which is in x. 

'and which ^pes not monopolize the highest X values. ^ 



(1-a) The proportion of the ^oputatrlon which* is in Xj 
and which is not relegated to the lowest X values. ^ 

(a) The proportion of the popultion lAlch is in Xj 

and is .relegated to the lowest X values. ^ 

(5) The area of Intersection of Section B of X and 

Section C of X*. ' ^ 



The above conceptualization allows us to calculate the probabilities of * 

persons falling in any of the fiv«» sections of Figure 6 as a function of a and 

These probabilities are conditional probabilities of independent events. 

Table 3 gives the formulae for these calculations^, 
♦ 
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, TABLE 3 
PROEABTLITIES 



• Section 



Probability 



Meaning 



Pr(A|X^)« 



Pr(B|X>(l-a)* 



Pr(C|X2)-(l-a)(l-*) 



Pr(DlXj) 



a{I-*) 



.Pr(B|C|XO-(l-a)(l-*)6 



E2 ' Pr(E|B|X )-(l-a)*6 



The probability of residing In Section 
A Is the conditional probability of 
residing in A (l«e«,a ) given that one 
already resides in X. (l«e«, ^ )• 

The probability of residing i^ Section B 
is the conditional probability of not 
reLSidin^ in A (i«e«, l**a) given^that one 
resides in X . (i«e«| 6). 

The probabilitx^of residing in Section C 
is the ^conditional probability of not 
residing in D (i«e«,.l**a) given that one 
resides in Xr (i.e/, 

The probability^ of residing in Section 0 
is the conditional probability of residing 
in D (i.e^a ) given that one resides in 
Xy (i.e, I-*). 

The probability of residing in Section 
E given that one is already in X^, is 
the conditional probability o£ residing in 
E (jL«e«, 6) given that one resides in x-* 
(i.k.f I-^) ^jnd resides in Section C (i«e,^ 

The probability of , residing in Section 
E given that one is already in X' is - / 
the jconditional probability of residing in 
E (i«e«9 S) given that one resides in X 
and resides in B (i«e«, l-d). ^ 



' > 
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B; Interpretation of Area E * " ^ ^ . ^ 

The move from proportions in 'Table 2 to probab;iltie8 in Table' 3 is a 
crucial one* Recall that each distribution represents one part«of the 
dichotomized rotall population under consideration* The overlapping aVea» E» 
is not a shared* population between the two groups* It simply illustrates the 

cjotnaon range of X shared by area B in X and C in X- * 

- . * ? 

Each person in the total population under consideration has a probability 
♦ • ' . 

of ending up in one of the two distributions* Since i^ is the proportloa of the 
total population that has attained the twelfth level, any individual has 
probability 4^ of falling under distribution X (all other things being 
equal)* Similarly, the probability of not attaining at level 12 is equal to (l-(t>) 
Of course, equals 1*0, Uuich is the total population under 

consideration* All of this follows from the laws of proportions* 

Consider Figure 6* As Section A changes in size, X«» shifts to the left 
or to the right (recall that we have assumed that changes in do not affect 
the shape or position of the distributions)-, the entire area under any one. of 
the two distributions is equal to 1*0* Thus, if a represents the value of the 
area of Section A, then 1-- a is the area of Section B* From this we can see 
that the conditional probablliry of an individual being an attainer^'and being 
a monopolizer of the higher values of X is a(^* The laws of symmetry^ make 
Section D equal to Section A* Thus, the probability of an individual being a 
non-*attainer and being relegated to the lowest values of X is a(l'-<^)* Similar 
arguments can be made for Sections B and C* The probabilistic interpretation 
of Section E is a more complicated matter, however.* 

Although Sections B and C do not* actually have an area in common, they do 
share the comfflon X-axis range Iq to I^. It is useful to think of f action E , 



ERIC 



-21- 



24 



as If it Is the area of overlap between the two distributions. Recall that the 
probability of being in C is 3ln:ply (l-<J)(l-ct). Now, the probability o^being 
in C and at, the same time being within the scope of distribution is just 
the probability of being in C tiroes the area of Section E« Similarly, the 
probability of being in B Is The probability of being in B and within 

*the scope of distribution Xr Is just the probability of being in B times the 
area of Section £• • ' » 

It should now be* clear that FrCElclX^) is the probability of any 
individual non-'attainer falling in 'the same range with and being under «the 
same scope as an attainer* Likewise, Pr(E|B|X.) is the probability of any 
individual attainer falling in the same range with and being under the same 
scope ^s a non-attainer* These two probabilities need not always be equal* In 
fact, they are 'fequal only when ((>"0.50# 

What re.mains is to calculate the area of Section E, i«e, This is done 
in Appendix A* 

C# Results of the Analysis" 

Tables 4 and 5 give the probabilities of fallipg in Section E given 
attainment and of falling in Section E given non-attainment, respectively* 
These Tables are derived from the probability formulae in Table 3« To ybtain 
the probabilistic marginal utilities of attainment, we simply perform a matrix 

subtraction. Table 5 minus Table 4* The results of this subtraction are shown 

'J ' 

in Table 6. ^ ^ . 

Note that the marginal utilities decrease for constant ^ and increasing 

'J 

a, and decrease for const*ant a and increasing ^. Furthermore, each column ' 

'J 

reflects about the row where 4»«0*50 so that each column below this row is the 
negative converse of the column above* . . 
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TABLE 4 

PROBABILITY OF FALLING IN SECTION E GIVEN ATTAINMENT 6f LEVEL 12 ' 



MtritoerAtte FaraMtor (^) 



tn 
u 

1-1 
(9 



CM 



MM 
O 

0 

•O 



M 
O 

o 







0.1000 


0,2000 


0,3000 


0,4000 


0,5900 


0,6000 


0,7000 


0*8000 


0,01 


1 


0«003S 


0,0022 


0,0019 


0,0010 


0,0007 


0,0004 


Q%0002 


0,0001 


0.09 


1 


0,0i76 


Of01i2 


0,0076. 


0,0051 


0,0033 


0,0021 


0t0012 


0,0005 


Otto 


1 


0*03Si 


0,0224 


.0,0192 


0,0!01 


0,0067 


0,0'M2 


0,0023 


0,0011 


CIS 


1 


0<052y 


0,0336 


0,0228 


0.0152.- 
0,0203 


0,0100 


0,0062 


0,0035 


« 0,0016 


0«20 


1 


0,0706 


0,0448 


0,0304 


0*0134 


o,ooei 


0,0047 


0,0022 


0,29 


1 


0#0&82 


0,0S6Q 


0,0380 


0,0254 


0*0167 


0,0104 


0,0050 


0,0027 


.0^30 


1 


O.IOSB 


0,0672 


0,0496 


0,0304. 


0*0200 


6,0«125 


0,0070 


0*0033 


Oe3S 


1 


0,123'^ 


0,078S 


0,0S32 


0,0355 


0,0234 


0,0146 


0,C062 


0,0038 


0,40 


t 


0»141l 


o;o897 


0,0608 


0,C40^ 


0,0267 . 


0,0166 


n.0094 


0,0044 


0,4S 


1 


O#&S80 


.0,1009 


0,0604 


0,0456 


0,0301 
0,0334 


0,0187 


0,0105 


0,0049 


O.SO 


1 


0»1764 


0,1121 


0,0759 


0,0507 


0,0208 


0,0117 


-'0,0055 


0,55 


1 


Otl.940 


0,1233 


0,0039 


0,0558 


0,0367 


0,0229 


0,0129 




6.60 


1 


0,21 :7 


0,1345 


0,0911 


0,0608 


0,0401 


0,0250 


0,0140 


0,0066 


0*65 


1 


.0,2293 


0,14S7 


0,0987 


0,0659 


0,043*4 


0,0270 


0,0152 


0,0071 


Ot70 


1 


0,2470 


0*1S69 


0,106i 


0,0710 


0*0468 


0,0291 


0«.0164 


0,0077 


0«7S 


t 


0,2«46 


oa68i 


0,1139 
d,1219 


0,0760 


0,'0501 


0,0312' 


0,0!76 


0,0082 


OtSO 


1 


0^2822 


0,1793 


0,0811 


0,0534 


0,0333 


0*0187 


0,0088 




t 


0,2m 


'0«190S 


0,12fl 


0,0862 


0,0568 


0,0354 


0,0199 


0*0093 


9«90 


1 


0t3X79 


0,2017 


0,1367 4 


0,0913 


o;o6oi 


0,0374 


0,0311 


0,0099 


0«9S 


1 


0,3352 


0,2130 


0*1443 


0t0963 


0«0635 


0,0399 


0*0283 


0«0t94 



0*9000 Oo9S00 



0,0000 

0,0002* 

0,0003 

0,0005 

0,0006 

0,0008 

0*0010 

0,00X1 

0,0013 

0,0014^ 

0,0014; 

0,0010<- 

0,0019 ' 

0,0021 

0,002l 

0,0024 

0*0024 

0,002V 

0,0029 

9*0031 



0,0000 
0,0001 
0,0001 
0,000:? 
0,0002 
0^0003 
0,0003 
0,0004 
0*0004 
0,0009 
0,0005 
0,0006 
^0*0006 
0,0007 
0,0007 
0,0008. 
0,0008 
0,0009 
0,0009 
0,0010^ 



TABLE 5^ 



PROBABILITY OF FALLING IN SECTION E GIVEN ATTAINMENT BELOW LEVEL 12 



N»rltocr«ti« FtfMKUr (a) 



u 

0) 



0) 
CM 



o 
d 

u 
u 
o 
a 

s 

0* 



o,ot I 

'0,05 I 
0,10 t 

oa9 t 

0,20 ) 
0,25^ t 
0,30 I 
0,35. i 
0,40- t 
0,49 I 
0,50 1 
0t59 I 
0,60 I 
0,69 I 
0,70 I 
0*75. i 
0,80 t 
0*85 i 
0*90 i 
0*95 I 



eadoo 


0«2000 


0,3000 


0*1000 


0*9000 


0*6000 


0*7000 


0*8000 


0*9000 


0*9500 


0*3493* 


0,2219^ 


0,1504 


0*1004 


0,0661 


0,0412 


0*0233 


0,0109 


0,0032 


— ^ — 

0*6010 


0,3352 


0,2130 


0,1443 

0,1367 


0*0963 


0,0639 


0,0399 


0,0222 


6*0104 


0*0031. 


0,6010 


0,3175 


0,2017 


0,0913 


0*0601 


0,0374 


0,0211 


0,0099 


0,0029 
6,0027 


0,0009 


0,2999 


0,1905 


0,1291 


0,0062 


0,0568 


0,0354 


0*0199 


0,0093 


0,0009 


0,2822 


0,1793 


0*1215 


o,oeu 


0,0534 


0,0333 


0,0187 


0,0088 


0,0026 
0*0024 


0,0008 


0,2646 


0,1601 


0,1139 


0,0760 


0,0501 


0,0312 


0,0176 


0,0082 


0*0008 


0,2470 


0,1569. 


0,1063 


.0,0710 


0,0468. 


0,0291 


0,0164 


0,0077 


0,0023 


0,0007 


0,2293 


0,1407 


0,0987 


0,0659 


0,0434 


0,0270 


0^0152 


0,0071 


0^0021 


0,0007 


0,2117 


0,1349 . 


0,0V11 


0,0608 


0,0401 


0,021^0 


0,0140 


0,0066 


0,0019 


0,0006 


0,1940 


0,1233. 


6,0835 


0,05S8 


0,0367 


0,02?!9 


0«0129 


0*0060 


0,0018 


0*0006 


0,1764 


0,1121 


0,071^9 


0,0507 


0,0344 


0*0200 


0,0117 


0,0059 


0,0016 


0*0009 


0,1580 


0,1009 


0,0^684 


0*0456 


0,0401 


6,0137 


p,OlO*J 


0,0049 


0*0014 


0*0005 


0,1411 


0,0897* 


0,0608 


0,0406. 


0,0267 


0,0166 


0,0094 


0,0044 


0*0013 


0*0004 


0,1235 


0,0785 


0,0532 


0,03^5 


0^0234 


0*0146 


0,0002 


0,0038 


0*0011 


0*0004 


0,1050 


0,0672 


0,0456 


«,0J04 


0,0200 


0,0129 


0,0070 


0,0033 


0*0010 


0*0003 


0^0882 


0.0S60 


0*0380 


0,0254o 


0,0167 


0,0104 


0,0058 


0,0027' 


0«0008 


0*000^ 


0,0706 


0,0448 


0,0304 


0,0203 


0,0134 


0,0003 


0,0047 


^0,0022 


0*0006 


.0*006:' 


0,0529 


0*0316 


0,P228 
0,0152 


0*0152 


0,0100 


0,0062 


0,0039 


0,0016 


0,0005 


0,000 


0,0353 


0,0226 


0*0101 


0*0057 


0,0042 


0,0023 


0,0011 


''0*0003 


0,0001 


0,0176 


0*0112 


0*0076. 


0,0051 


0,0033 


0,0021 


0,0012 


0,0009 


0,0002 


0*0001 



TABLE 6 

PROBABILISTIC MARGINAL UTILITIES OF ATTAINMENT OF LEVEL 12 



MrCioetitte P«r«Mi«r-( a ) 



oaooo 




SOOO O.AOOOi 0.7000 0.800(1, 0.9000 



Of 041 


Of 023 


Of oil 


OfOOflT 


o;o37 


0f021 


OfOlO 


^x^rToos 


Of 033 


0«019 




Of 003 


Of 02? 


Cf016 




.0f002 


Of 025 


Of01>> 




• 0^-002 


V « V«Sa 


QirO'4* 


V f WW 


V f w« 


OfOlTy 


^'^oy 


Of 004 


.OfOOl 


QJJH2 


Of 007 


0f003 


OfOOl 




Of 005 


Of OOP 


QfOOl 


0fOO4 


OfOOl«^ 


Of 001 


OfOOa 


OfOOO 


OfOOO 


'OfOOO 


OfOOO 


^0.004 


,T0*.0O2 


rOfOOl 


OfOOO 


r0f008 


-Of 005. 


•0.002 


-Of 001 


••Of 012 


•Of 007 


•0^003 


-OfOOl 


ifOf^i?/ 


-OfOO? 


•0^.004 


-OfOOl 


•'0fO2X 


-0.012 


•Of 005 


-Of 002 


•Of 025 


-Of0i4 


-0.007 


•Of 002 


.-Of 029 


-^fOX6 


-OfOoe 


-0.002 


'-Of 033 


•0*019 


•0.009 


-0.003. 


^0f037 


•Of02X 


.-0.010 


-0.003 
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An inspection of Table 6 shows that it is not individually advantageous 




r ' 
f. 


7 


to obtain the high school diploma until 55!l! of the population under 
consideration (i7-year old age cohort) aoes so. The row where ♦•OtSO can be 




] 




considered to be the indifference level. However, a mean/median analysis shows 




f 


that, in the aggregate, it is always advantageous to be an attainer rathet 




I 




than a non**attainer« This is so because for all values of oc, is greater 
than u- (except when they are equal^ when a»0). A complete mean/median analysis 
Is given in Appendix B. See cbluuims 4 and 6 in Table B-K 








This analysis of the Probabilistic Utility Model exposes an Interesting 








paradox: in the aggregate it is more advantageous to be an attainer no matter 








what ^ and a are; individually this is not always the case. Furthermore. Table 




? ' 




6 indicates that the marginal disutility of not attaining the high school 
degree increases as attainment increases and also increases as the 


It 






meritocratic parameter decreases I This phenomenon can be vividly seen In the 








lower left-hand quadrant of Tablu 6. As we move from the upper right-hand to 


. 






the lower left-hand corner on the diagonal, disutilities can be seen to 








doubX^, triple and even quadruple at various steps; 




J- 
< 




' ^ \ 
b * 

- ' ■ \ 


a 
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CONCLUSIONS 



Thft Ideallged models developed -here-hgve-thelrLj^lmt tat tons > The Aggreg ate 
Model seems, on the face of it, too meritocratic for our present society. The 
distribution of social benefits may not. In reality, be normal, and their means 
(as shown In the Utility Model) may not remain constant with systemic growth 
(which Is clearly not the case In the Aggregate Model). Nevertheless, these 
.models can serve as ^^benchmarks'* against which to measure other loglco* 
mathematical models containing different assumptions, and empirically derived 




The high school graduation ratio is but .one indicator of systemic growth 
andjwyti^^ is the last systemic level that l,s non-*selective. One not 

only chooses to go on td college, but in most cases- ^ne. is also \cho8en* Along 
with the nomative principle and with level 12 approaching sero correlation, 
the post-secondary system ^ordinarily would respond by expanding. However, it 
must balance this tendency against its selectivity principle, this conflict 
might account, in part, for the rapid rise of non-'Selective junior colleges 
over the last twenty years. . 

Both models are ^ general isable over systemic levels and*malce most sense 
with regard to initial social benefit distributions such as job-entry level 
incomes Very simply, it is likely that the role that educational attainment 
playa in gett.lng a job is quite different from the role that it plays In ' 
keeping or advancing In one.^^ 
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The dynamic account of the educational system that is tbe basis for the 

models presented here is* a formal one» and this is reflected in the models* 

non-empirical grounding. Like Boudon^s ef forts » the models avoid the cross** 

sectional and variable confounding effects of survey data. This is not to 

deny the role and influence of human actors and social and political movements. 

The models merely Illustrate, in a formal way, the power of a logical tautol- 

18 

~ogy~in conjuncticn^wlth a normative principle. 

« < These models help illustrate the limitations of edUcationall policy. 
Pushittg the attainent level to lOOZ to cancel out the effects of the Law of 
Shifting Benefits and Liabilities, merely shifts the problem onto another- 
level^^o^/^he system: post-secondary. Merely trying to raise the high school 
attainment ratio might cause unnecessary hardship to those who choose not to 
complete the level and at the same time, diminish the benefits for attainers. 
We have seen how the saine policy^ can have differential consequences at . 
different stages of systemic growth* 

Perhaps lowering^ the ratio 50-60Z might have some effect upon the power 
of the noraative principle to disproportionately reward formal schooling. This 
might be a level below the ** equilibrium point** the point at which the 
effects of the decline in the social benefits of attainment and the 
precipitous rise in the social liabilities of* non-attainment seem to be 
maximally felt* Careful consideration should be given for providing ample 
opportunities for all to continue their education (i.e., to pursue learning). 
^ * Such a policy must avoid an inequitable distribution of non-^ttainers on the 
basis of class> r ace.__aex-and ^ethnic backgro«nd-4^t^j-educatlonally"lrrelevent 

•attributes). 

It is unlikely that such an overtly articulated policy wou'^d gain much 
political support. In any case, It^^would surely prove to be very difficult to 
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- implement* Nevertheless, such a policy Is already being carried out to a^^ 
certain extent by the movement toward? competency-based curricula* If 
competency achievement (not attainment) levels are en^orced^, a sizable propor- 
tion of those who nov normally complete high school may never do so* And a 
large percentage of this group will likely be composed of persons from lower 
socioeconpmic groups* This state of affairs is hardly an adequate~Wtutton-to 
the problem of inequality of socioeconomic opportunities* 

The abandonment of the normative principle might' be the most efficacious/ 
but politically and socially the most difficult, way to reduce educational and 
social inequality (no guarantee, of course)* If educational attainment is no 
longer used as an instrument for the distribution of non-educational social 
goods, then perhaps education could once again be pursued for the benefits 
that are intrinsic in the educational goods themselves and' not for the 
socioeconomic advantages that disappear with ever increasing rates and levels 
of attainment* 

. Such a move would mean the abandonment of the illusion that the 
educational system is a solution- for almost every societal ill* It is not 
clear just what new instruments for the distribution of social, benefit^ might 
arise* However, if the system's logic is intractable (how does one repeal the 
Law of Zero Correlation?), then perhaps a recojnsideration of a socioecpnomic . 
principle that disproportionately rewards formal educational attainment is in 
order* 
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APPENDIX A 

It 

CALCULATION OF SECTION E AREA 

To calculate 6, we beginV^y truncating th^» asymptotes of the two 
standardized normal curves (Figure 6) at 3#0-^$tandard deviations above and 
below their respective means. As a result, we lose 0.26% of /the population of 
any one curve* 

Since the two curves are identical (i.e., both are standardized normal 
curves), the point on the X-axis (Uj directly below the point of 
intersection (I) lies midway between the and X^ distribution means, ^ 
andM^, respectively. This follows from the laws of " symmetry, since Section D 
is almys equal to Section A in area. Figure A-1 emphasizes the area of 
Intersection In Figure 6. 




Figure A-1 . Section E Area Emphasised 

(E| and correspond to E^ .and Eg, respectively, 
in Table 3)^ 



-,2y 



We know by synunetry, that the area to the right of the vertical line ly 
on ^urve Xj (i.e#, area is equal to the area to the left of lyj 
. ' on curve X. (i#e*, $ireti E ). Thus, twice E. or twice E gives us 6, 
the ^rea of ^Section E* 

Now we can proceed to develop a pair of algorithms that enable us to 



calculate area E^* 

The area 6, equals l.O wheif a equals zero. In this situation, X- and X 

(J) * 

are superimposed one upon the other. Since PT-y., their relative difference, 
is equal to ly<;-y I which is equal to zero. When a«KO, area 6 equals zero. 
In this case, X. and X are-autually' exclusive and equals 6.0. Betweeft 
these two extreaes,' a ranges from zero to ImO,^ 

We shall first examine the case where a ranges from zero to 0.5 and'then 
the case where ct ranges from 0.5 to l.O. (Note that 0.5 is used throughout the 
text as an approximation to 0.4987, which is used in the calculations due to 
truncation.) 



CASE 1 : (0 <: a> 0.5) 



Consider Figure A-2. The relative distance, if , between the two means, ^7 

and p , is equal to the distance on the X-axls under are a^AjCi^B^-^ the-area- 

y 

corresponing to the value .of a). 
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*1 . *2^3-0 



Figure A-2 » Case 1 Where ouRanges from 0 to 0.5 



' Note that when a«0, the two means, p^an4 u., coincide simply because the 

two curves, X-»and X are superimposed one upon the other*- the value 

of a increases, the X7 curve is /shifted to the left, a distance equar to the 

* * 

distance on the X**axis under Section A* Call this distance ^, which is the 

value of the X«» curve translation* 
♦ 

^ _._Since *2'"3*0,^we need only find in order to find ^(;(i*e*, ^ «■ 
*2^i[» Area F is equal to 0*4987- a and is found from a standardized 
normal curve table* Once we have computed ^ , we can locate p^wlth respect to 
Uj^ Se^Elgur^^^a^^b^ow* — ' 



Figure A"'3# The Pirameters for Finding 6 



Note that Ut Ilea i^/Z above u-r* Area G is found from a standardized 
noraal curve table* Area Er is equal to 0«4987^* The area 5, is simply 
twice area E^;«The algorithm for this computation appears below* 





ALGORITIM k-l • 




CASE 1 WHERE a RANGES tWA 0 to 0.5 
• (Refer to Figures A-2 and A-3) 


' Step 
1 


F - 0.4987- a 


2 


txoa standardized normal curve table 


3 




A 


^1^^ /I'yixisi respect to 


5 


G from standardized normal curve table 


6 
7 


E" - 0.4987-G 

. 6 - 2(Ej.) 

;^ y 





CASE 2; (0^5 ^ a > 1.0) , 

Figure ArU depicts the situation for this case, and the algorithm for the 
computation of 6 follows It* 



1^ 



Figure A-4 . Case 2 Where a Ranges from 0.5 to 1.0 
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ALGORITHM A-2 

CASE 2 WHERE a RANGES FROM O.'S TO 1.0 
(Refer to Figures A-3 & A-4) 



F - O-0.4987 

\ from -standardized nozmal curve table 

V ■ ♦/2 with- respect to p- 

9 

G from standardized oraal curve table 
E J - 0. 4987-G 
« - 2(B7) 
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Table A-1, below, Ogives the values of 6 for o values in steps of 0.1. 
■Table A-2 gives the intermediatfe values of Fi \^ G, ji_ for a 

values in steps of 0.1. 



TABLE A-1 



VALUES OF 6 AS A FUNCTION OF a 



0 

0.10 

0.20 

0.30 

0.40- 

6.50 

0.60 

0.70 

0.80 

0.90 

0.95 

1.00 



1.0000 
0.3872 
0.2776 
0.2124 
0.^666 
0.1310 
0. 1006 
0.0750 
0.0516 
0.0294 
0.0172 
0 



1 





TABLE A-2° • . l 

' INTERMEDIATE VALUES CALCULATED BY ALGORITHMS A-l and.A-2 , * ' 



a 


F 


*1 


• 


I 


■ G 




0 






0 








0:10 


0.3987 


r.275 . 


1.725 


0.8625 


0.3051 


6.1936 


- . 0.^20 


6.2987 


0?835 


2. 165 


1.0825 


0.3599 


.0. 1388 


* , 0.30 


0.1987 . 


0.520 


2.A80 


1.2A00 


0.3925 


'* bjl062 f; 


O.AO 


0.0987 . 


0;250 


.2.750 , 


1.3750 


0.A15A 


0.0833 • 


0.50 


0 •, 


0 


•3.000 


i;5doo 


> 0.A332 


0.0655 ■•. 


,0.60 - 


0.1013 


0:255 


3.255' 


1.6275 


0.AA8A 


0.0503 


\ ^.70 


0.20U, 


Oi530 


3.530 • 


1.7650 


0.A612 ,0.0375 


. 0,80 


0.3013 


0.-850 


3.850 


1; 9250 


0.A729 


0.0258 


0.90 ■ 


O.A013 


1.290 


4.290 


2.1A50 


0.A8A0 


^ 0.0147 


0.95 


0.4513 


1.660 


At 660 


2.3300 


0.A901 


0.0086 


' 1 






6.000 • 










t 










0 



1 




APPENDIX B 

c 

. MEAK/MEDIAN ANALYSIS OF PROBABILISTIC UTILITY MODEL 

• • • 

We can set the Model in^motlon* See Figure B-l« Note that whena»0, the 
following equalities hold: 



When' J^r another set of equalities hold: 

• \ # 

I* • - J 

r ! ' ' ■ 

Between these two extremes, it is possijble to calculate the relative 
differences between medians'( y^^and urare the grand means and grand medians 

/ 

o^' their respective distributions,) of the various sections of the two curves 
shown in Ff.gure B-J.. , " . . 



t 
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> Fiqiire- Br]?. - , (te^gns/MM^ for ;Se(rtaonsiOf Ciw^ 



...I 



Assume \ that remains constant and that 6oth curves retain their normal < 
shapes as the size of <^ (and. concomitantly^.^ ) and ot change* \le take as our 
pointy of ref eretice^ since 1^ remains constant, and calculate the other medians 
idt& r^espect to It. " * . r ^ 



A. 



1. Schemas for Median Calculations for Changing Values of' ^ ' 

We begin, as we did in, Appendix A, by truncating ithe 4?3rmptote8 of thel 
two standardized normal curves at 3*0 standard deviations above and below 
their respective means* Medians and ^ have already been calculated in: 
the. Aggregate Model and can be found in coluouis 2 and 3 of Table 1*, 

|i« is ^the distance oii the X-*^xis under Section A* This distance is the ^ 
value computed as an intermediate step by Algorithms 1 and 2* See Table A-2* 

U ' , • ' < . 

i is, simply one half dnd is also computed as an Intermedlatja step by 
;ALgoritlms l and 2*. See Table ^A^ 
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" We how develop sqhemas that compute the values of and ^q, for . 
changing values of a. 

. Dfue to the sytmnetry of the two curves and the equality of Sections A and 
D, median ^ will always, be as. much to the right of as ^3 is to the 
left of ^-^i Thus, . ' 



In a similar fashion 9 will always be as much to the left of as 
\ ts to right of Thus, 



Table Brl displays the jresults of these computationst 

2. Changing Means (^^^and^^f^) With Changing (fc and Constant a 

• ^We have ^assumed throughout that the size of <^ has no effect upon the 
means of the dichotomized populations. Furthermore, for computational 
purposes, we have assumed that only l^Twas affected by changing a and that 
remains permanently anchored. 

It Is not mreasonable to assume that both me^ans 'change with changing 

and that both means change with changing ct. However, both of these cases 

( ' ' * 
i^educe^to the analysis that has already been performed for the probability ^ 

distributions generated by the formulae in Table 3 (constant for changing ^ 

and changing a)» - ' 
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TABLE B-1 

INTEflMEOUTE VALUES FROM ALGORITHMS .1 AND 2 



(1) , 






• 






Kf) 






II 


11 












0 - 


0 


3.0 


0 . 


0 


0 


0 


-3.0 


0.10. 


6 


1.645 


-0.126 


-0i8625 


-1.5990 


-1.725 


-3.370 


0.20 




) }283 


-0.253 


-1.0825 


-1,9120. 


-2.165 


-3.448 


0.36 


0* 


•1-.037" 


tQ.385 


-1.2400 


-2.0950 


-2.480 


-3.517 


OiAO 


0 


0.842 


-0.524 


-1.3750 


-2.2260 


-2.750 


-3.592 


0.50 


0 


0.675 


-0.675 


-1.5000 ■ 


,-2.3250 . 


-3.00D 


-3.675- 


0.60 


0 A 


0.524 


, -OJ842 / 


-1.6275 


-2.4130 


-3.255 


-3.779 


0.70 


.0 


0.385 


-U037 


-1.7650 


-2.49.30 


^--3.530 


-3.915 


0.80 


0 


- Oi253 


-1.283 


-1.9250 


-2.5670 , 


-3.850 


-4.103 


\ 0.90 


0 


0.126 


-1.645 


-2.1450 , 


-2.6450"" 


-4.290 


. -4.416 


. 0.95 • 


0 


0.063 


-1.960 


-2.3300 


-2.7000 


-4.660 


-4.723 


l.O 


0 


0 


-3.0 


-3.0 


-3.0 


-6.0 


-6.0 
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To construct the probability tables for changing means, we can use the 

probability dlstributibns ^generated by the formulae In Table 3* We need only 
• • ' It. 

know the sizes of and'a> and the relative difference between the two ^ 

♦ " 

dichotomized population means (see Appendix A)« This relative difference, 

; * * ^ ' ^ • • 

\]x u«» I , is a function only of the size of a* Thus, if both means change 
9 ♦ 

with changing ^ and with changing' a > and if we know the. relative difference 
between the means, we can calculate the new a* We can then consult the ^ 
exlsti'.tig probability tables produced by. the- formulae in Table 3* 

3# Non-^normal Distributions wlth^Equal and Unequal Ranges 

The same sort oL mean/median and probability analyses that have been 
performed for normal distributions can be performed for non-normal 
distributions* One must, however, first .derive the formulae for the various 
curves and utilize the calculug to obtain the areas in questions and their 
shifting means and medians* The mathematics involved in this kind of analysis 
' ii ' somewl^_^omplex«. ^ . 
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NOTES 



!• Some of the ideas presented in Part I are given a much more detailed and 
complete description in Thomas, .?. Green, with ^assistance of David ^. Ericson 
and Robert Seidman, Predicting the Behavior of the Educational System . 
Syracuse: Syracuse University Press, 1980. I have borrowed from this work and 
make-no reference to specific parts in the text ^of this papejr. I am grateful 
to have had the opportunity to collaborate with Green and Ericson. Naturally, 
I am fully responsible for any- shortcomings of this paper. 

Portions of Parts I an^ II appear ^thln different context in: Robert H. 
Seidman, -The Logic and Behavioral Principles of Educational Systems: Social 
Independence or Dependence?", Keynote Paper, International Sociological 
Association - Sociology of Education Conference on the Origins and Operations 
of Educational Systems, Paris, 1980. Published as a chapter in: The Sociology 
of Educational Expansion , Margaret S. Archer (ed.), London and Beverley Hills: 
Sage, Studies in International Sociology Series, .1982. * 

2. See Raymond Boudon, Education, Opportunity, and Social Inequality . New 
York: John. Wiljey and Sons, 1974. Also, "Educational Growth arid Economic ' 
Equality." Quality and Quantity , 8^, 1974, pp. IrlO. ^ . , 

3. See Lester C. Thurow, "Measuring the Economic Benefits of Education," in 
tlargaret S. Gordon, ed.. Higher Education and the Labor Market: , New York: 
McGraw-Hill Book Co., 1974; "Education and Economic Equality," The Public 
Interest , no. 43, Spring 1976, pp. 66-81; Generating Inequality: Mechanisms of 
Distribution in the U.S. Economy . New York: Basic Books, 1975. 

4. This account is contained in Green, op. cit . 

5. For a formal and general mathematical explication of these two models see: 
Robert H. Seidman, "The General Educational. System: Some Aspects of Benefit 

and Liability Curves,** Unified Theory of Educational Systems and Public Policy 
Project, Rteport V-1.04, Syracuse University, Syracuse, N.Y., 1976. 

6. Growth in attalnmeint is only one of the eight modes of systemic growth 
presented in Green, op. cit .- ' 

7. But why should the benefit curvs decline at the upper attainment "values? 
After all, avoiding a disaster is in a way, a benefit. Thus, there should be 
no decline in the demand to obtain the high school diploma - here supply 
creates demand! However, the empirical evidence shows that this is not the 
case. Indeed, it is argued in Chapter 6 t>f Green, op. cit. , that the marginal 
growth of attainmen£ will be slowed by 1) the transformation of attainment to 
achievement and 2) the rise in socioeconomic compulsion for more formal 
schooling. 

8. Beginning in Massachusetts in 1852 and ending with Alaska in 1929^, a 
compulsory attendance law was enacted in every state and territory. Prior to 
the time of statue enactment, only Louisiana and two territories had less than 
60Z (enrolment of the school age population. See, Report of the Commissioner of 
Education, 1870-1916 and The Bl-Ennlal Survey of Education, 1916-1918 (Alaska 
statistics were unavailable). The data are put into a^soclal justice 
perspective in David p". Ericson with Thomas F. Green and Robert H. Seidman, 

Justice and Compulsion in the Educational System" (unpublished paper). 



The claim here is that variable atpainment ratios and not compulsory 
attendance statutes compel school going* See David P« Ericson and Robert H* 
Seidman,, **Compulsory Schooling Without. Compulsory Attendance Laws: Reflections 
oh the Behavior of Educational Systems," Proceedings of the Philosophy of 
Education\Society , 1978,. pp» 316-324.'. v . 

This^ is a view that Is In sharp contrast to the revisioni^r. version (e.g., 
Samuel Bowles and Herbert Gintis, Schooling In Capitalist America , New York: 
Basic Books, 1976) and to the historical explanation offered by David Tyack 
"Ways of Seeing: An Essay on the History of Compulsory Schooling,** Harvard 
Educational Review , 46, August 1976. 

10* Here is a sample calculation of the median value of the social benefits 
for high schox>l attaitiers* and nonrattainers* 

^ Suppose that the attainment. ratio stands at 30% (see -the Figure below). We 
know that the attainer group monopolizes the social beti^fits^ ranging in value 
frpm Of 52 to 3.9 standard deviations from the grand mean. See M. R. Speigal, 
•* Areas Under the Standard Nomal Curve from 0 to Z,** theory and Problems of 
S'tatistics r New York: McGraw-Hill; Book Co. , 1961, p. 343. 

The .median' benefit for this group is thus p « 1.037 q. This is the point 
under the ^ portion of the total distribution where half of the high 
school attaineirs (i.e. ^.15%) lie to the right and where the other half lie to 
the left. 

The median social benefits for the ranalning 70% of ^the total population 
(i.e., the non-attainer group) is p - « -0.385 a. This is the point under the ^ 
portion of the total distribution ^ where one half of the high school non- 
attainers (i.e., 35%) lie to the right and the other half lie to the left. 

.These median social benefit values are derived from the standardized 
normal distribution, which represents a particular normal distribution of 
social benefits. If it turns out that, for this particular nomal 
distribution, the median of the total distribution is $8,000 with a standard 
deviation of $2,500, we can easily calculate the medians (in dollars) of the 
attainer and non-attainer groups. * < 

Attainer Group Median: $10,593 « $8,000 + (1.037 x $2,500). Non-Attainer 
Group Median: $7,038 - $8,000 + (-0.385 x $2,500). 



^ Scxjial Benefits 
-3.9a -0.385a 0 0.525a 1.037a 3.9a 

■' ^a ^ * ^' ' 

Standardized Normal Curve for the Distribution of Social Benefits 

Note: high school attainment ratio; ncn-attainment ratio; ' 0 « 
grand meldian; median social benefit for attainer group; u? « median 

social benefit for non-attainer group; a« i « standard deviation.' 
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11« It. is probably unreasonable to apply the model at the lower attainment 
ratios where the power of the normative principle is very low/ However, the 
model does serve to illustrate the idea that the relative benefit disparity 
between the two groups, first decreases and then increases. This phenomenon 
suggests that, a particular educational policy appropriate for one stage* of 
systemic growth might not be appropriate for another stage. 

12. U.S. Bureau of the Cencus, Decennial Census Reports for 1940, 1950, 1960, 
1970; Current Population Reports , P-60, nos. 85, 90, 92, 97, 101, Washingt9n 
D.C. : U.S. Government Printing Office. 

13. Henry M. Levin, et al.. The Costs to the Nation of Inadecfiiate Education . 
A Report Prepared for the Select Committee on Equal Educational Opportunity of 
the U.S. Senate, Washington, D.C: U.S. Government Printing Office, January 
>1972. 

14. For an extended analysis from another methodological perspective, see 
Appendix C- in^ Green, op., clt. , ^ • ' . ' 

15. See National Center for Education Statistics, Digest of Educational 
Statistics - 1979 , Washington, D.C: U.S. Government Printing Office^ 1979, 
Table 60. 

It is of some interest to note that U.S. Government projections of thi£t 
attainment ratio to the year '1989 keep it constant at about 74%. Why? The 
."assumption** is that ^ th e high school attainment ratio for 18-year-olds will 
remain constant at the 1977-78 Tevel through 1988! No reason is given for 
embracing such an assumption. See National Center for Education Statistics, 
Projections of Educational Statistics to 1988-89, Washington, D.C.: U.S. 
Government Printing Office, 1980, Tables 13 and A-2. 

-4:6. It' can be argued that the ratio of attalners at the last systemic level 
tliat is non-selective is a good measure of the maturity of the educational 
system. Ic' is but only one of eight modes of growth In Green, op. cit . 

17. See Vincent Tinto, "Dqes Schooling Matter? A Retrospective Assessment,** 
Review of Research in Education , 5, 1977, pp. 201-235. 

18. For another perspective, one that focuses upon actors and events, see 
Margaret S. Archer, Social Origins of Educational Systems ^ London: Sage Pub- 
lications, 1979. Chapter 1 contains an excellent exposition of "methodological 
individualism." Notice that the Utility Model (aggregate) attainer mean was al- 
ways higher than the non-attainer mean. However, it was not always individually 
advantageous to attain level 12. The problems of methodological individualism 
require an analysis beyond the scope of this paper. Possible tif^e lags in 
feeling the effects of the two moclcls have-not been considered. 
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